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Abstract
A rise in D-glucose concentration may augment insulin release independently of changes in K conductance or Ca2 influx
in pancreatic islet cells, the insulinotropic action of the hexose remaining dependent on an increased generation of high-
energy phosphates. In the present study, therefore, it was investigated to which extent the procedures currently used to assess
the modalities of the secretory response to D-glucose independent of its effect on ATP-sensitive K channels and Ca2 inflow
may themselves affect the catabolism of the hexose in isolated rat pancreatic islets. A rise in the extracellular K
concentration from 5 to 30 or 60 mM failed to significantly affect the metabolism of D-glucose. At 90 mM K, however, the
maximal velocity of the glycolytic flux was decreased and the apparent Km for D-glucose lowered, without an obvious
alteration of the preferential stimulation of oxidative mitochondrial events in response to a rise in D-glucose concentration.
Such a preferential stimulation was abolished, however, either by diazoxide at a low, but not high, K concentration or by
Ca2 deprivation, in the absence or presence of diazoxide, at a high K concentration. It is speculated that these metabolic
changes may be attributable, in part at least, to an altered activity of key cytosolic (e.g. pyruvate kinase) and mitochondrial
(e.g. FAD-linked glycerophosphate dehydrogenase) enzymes. ß 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
It is currently believed that the major pathway for
glucose-stimulated insulin release involves the closure
of ATP-responsive K channels, triggered by an in-
crease in the ATP generation rate and subsequent
depolarization of the plasma membrane, eventually
leading to the gating of voltage-sensitive Ca2 chan-
nels, an increase in the cytosolic Ca2 concentration
and the activation by the divalent cation of the mi-
crotubular-micro¢lamentous e¡ector system control-
ling the translocation and exocytosis of secretory
granules [1]. Over recent years, however, consider-
able attention was paid to other modalities for stim-
ulation of insulin release by D-glucose not mediated
by either a decrease in K conductance [2^4] or stim-
ulation of Ca2 in£ux [5,6]. These alternative path-
ways for the insulinotropic action of the hexose re-
main apparently dependent on the hexose-induced
increase in ATP generation [7^10]. In the present
study, therefore, we have investigated whether the
experimental conditions used to reveal these novel
mechanisms of stimulus-secretion coupling may alter
the metabolic response of isolated rat pancreatic is-
lets to D-glucose. For such a purpose, the catabolism
of D-[5-3H]glucose and D-[U-14C]glucose was exam-
ined in islets incubated at high concentrations of ex-
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tracellular K, in the presence of diazoxide and/or
absence of extracellular Ca2. In some experiments,
the extracellular K concentration was raised from
5 to 90 mM to virtually abolish the plasma mem-
brane potential.
2. Materials and methods
Diazoxide (Sigma Chemical, St. Louis, MO, USA)
was ¢rst dissolved in DMSO (125 mM). The ¢nal
concentration of the solvent (2 Wl/ml) was identical
in control and test media.
All experiments were conducted in pancreatic islets
isolated by the collagenase procedure [11] from fed
female Wistar rats (B and K, Hull, UK) and incu-
bated in groups of 20 islets each for 120 min at 37‡C
in 50 Wl of a bicarbonate-bu¡ered medium [11]
containing bovine serum albumin (5 mg/ml) and
equilibrated against a mixture of O2/CO2 (95/5, v/v).
The methods used to measure the conversion of
D-[5-3H]glucose to 3HOH and that of D-[U-14C]-
glucose to 14CO2 and 14C-labelled amino acids and
acidic metabolites were previously described [12^14].
The K concentration was raised above its usual
value (5 mM) to 30, 60 or 90 mM by equimolar
substitution of NaCl by KCl. The Na concentration
was thus decreased from 139 mM to 114, 84 or
54 mM. Some media were deprived of CaCl2 and
contained 0.5 mM EGTA.
Seven series of experiments were performed. The
metabolic response to increasing concentrations of
D-glucose (2.8, 8.3 and 16.7 mM) at a normal K
(5 mM) and Ca2 (1 mM) concentrations was ex-
plored in the two ¢rst experiments. The same inves-
tigation was then made in two experiments con-
ducted in the presence of 90 mM K. In the third
series of two experiments, the metabolism of 2.8 and
16.7 mM D-glucose was compared in islets exposed
to either 5 or 90 mM K. In the following three
experiments, islets were incubated at 8.3 mM D-glu-
cose in the presence of increasing concentrations of
K (5, 30, 60 and 90 mM). In the ¢fth series of two
experiments, the islets were exposed to either 5.6 or
16.7 mM D-glucose in the absence or presence of
diazoxide (0.25 mM) or in media deprived of Ca2
but containing 90 mM K. The e¡ect of diazoxide
was tested both at normal and high K concentra-
tions. Last, in a series of four experiments, the me-
tabolism of 5.6 and 16.7 mM D-glucose was exam-
ined in salt-balanced media and at a high K
concentration (90 mM) in the presence of diazoxide
but absence of Ca2. In each individual experiment,
6^8 separate groups of 20 islets each were incubated
under each of the conditions under consideration.
The generation of 3HOH from D-[5-3H]glucose and
that of 14CO2 and 14C-labelled acidic metabolites and
amino acids from D-[U-14C]glucose was simultane-
ously measured in each group of islets.
As a rule, the comparison of data is restricted to
measurements made within the same experiment(s).
All results are presented as mean values ( þ S.E.M.)
together with the number of individual determina-
tions (n). The statistical signi¢cance of di¡erences
between mean values was assessed by use of Stu-
dent’s t-test.
3. Results
3.1. E¡ects of high extracellular K+ concentrations
Table 1 provides the mean absolute values for
D-[5-3H]glucose conversion to 3HOH and D-[U-14C]-
glucose conversion to 14CO2 and 14C-labelled acidic
metabolites and amino acids in the four ¢rst series of
experiments enumerated above. Each of these meta-
bolic variables will now be considered individually.
3.2. D-[5-3H]Glucose utilization
In the presence of 90 mM K and 16.7 mM
D-glucose, the generation of 3HOH from D-[5-3H]-
glucose averaged 211.2 þ 16.2 pmol/islet per 120 min
(n = 23). When compared within the same experi-
ments, it represented 86.6 þ 6.0% (n = 11) of the
mean corresponding value (100.0 þ 6.9%, n = 11)
found at normal K concentration (5 mM), these
two percentages not being signi¢cantly di¡erent
from one another (Ps 0.1). Likewise, at a 8.3 mM
concentration of D-glucose, the mean value for
D-[5-3H]glucose utilization was slightly but not sig-
ni¢cantly lower at 90 mM K than at 5 mM K
(data not shown). At 2.8 mM D-glucose, the produc-
tion of 3HOH from D-[5-3H]glucose was virtually
identical at 90 mM K and 5 mM K, averaging
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respectively 76.1 þ 7.1 and 73.4 þ 4.6 pmol/islet per
120 min (n = 12 in both cases). The sole signi¢cant
di¡erence between the results obtained at normal and
high extracellular K concentrations related to the
concentration-dependency of the metabolic response
to D-glucose (Fig. 1, upper left panel). The apparent
Km for the hexose was indeed about twice lower
at 90 mM K (6.2 mM) than at 5 mM K
(13.9 mM), as indicated by the fact that the gener-
ation of 3HOH by islets exposed to 2.8 mM D-glu-
cose averaged at 90 and 5 mM K, respectively,
41.3 þ 5.1% (n = 21) and 30.0 þ 2.2% (n = 24) of the
mean corresponding value found, within the same
experiment(s) at 16.7 mM D-glucose (P6 0.05).
3.3. D-[U-14C]Glucose oxidation
At a 16.7 mM concentration of the hexose, the
oxidation of D-[U-14C]glucose averaged 75.8 þ 4.6
(n = 24) and 58.5 þ 4.3 (n = 23) pmol/islet per
120 min in the presence of 5 and 90 mM K, respec-
tively. Relative to the control value found at 5 mM
K, the results recorded at 90 mM K were de-
creased to the same relative extent at all concentra-
tions of D-glucose. Thus, the latter results averaged
81.7 þ 4.9% (n = 24) at 2.8 mM D-glucose, 81.6 þ 5.5%
(n = 16) at 8.3 mM D-glucose and 80.8 þ 6.3% (n = 23)
at 16.7 mM D-glucose (P6 0.03 or less when com-
pared to control values). The concentration-depend-
ency of the metabolic response to D-glucose was thus
virtually identical at the two concentrations of K
(Fig. 1, upper right panel).
3.4. Paired ratio between D-[U-14C]glucose oxidation
and D-[5-3H]glucose utilization
At 2.8 mM D-glucose, the paired ratio between
D-[U-14C]glucose oxidation and D-[5-3H]glucose uti-
lization averaged 23.5 þ 1.2% (n = 24) and 20.4 þ 0.9%
(n = 20) in islets exposed to 5 and 90 mM K, re-
Table 1
D-glucose metabolism in islets incubated at 5.0 and 90.0 mM K
Experiment
(number)
Metabolic variable (pmol of glucose
equivalent/islet per 120 min)
D-Glucose (mM) K
5.0 90.0
1 and 2 D-[5-3H]Glucose utilization 2.8 73.4 þ 4.6 (12) 76.1 þ 7.1 (12)
8.3 176.0 þ 15.6 (12) 128.5 þ 9.1 (12)
16.7 248.7 þ 29.8 (11) 172.6 þ 19.7 (12)
D-[U-14C]Glucose oxidation 2.8 19.2 þ 1.7 (12) 16.9 þ 1.5 (12)
8.3 57.4 þ 3.7 (12) 39.8 þ 3.0 (12)
16.7 72.8 þ 7.2 (12) 52.1 þ 5.1 (9)
Acidic [14C]metabolites 2.8 20.3 þ 2.1 (12) 26.2 þ 2.3 (12)
8.3 44.8 þ 4.4 (12) 36.3 þ 3.1 (12)
16.7 75.4 þ 12.0 (12) 59.5 þ 6.6 (12)
[14C]Amino acids 2.8 14.7 þ 0.9 (12) 13.8 þ 1.5 (12)
8.3 35.1 þ 2.7 (12) 24.4 þ 1.7 (11)
16.7 41.2 þ 4.6 (11) 27.8 þ 3.8 (12)
3 D-[5-3H]Glucose utilization 2.8 90.5 þ 12.2 (12) 96.3 þ 24.4 (9)
16.7 298.5 þ 19.7 (11) 259.1 þ 18.6 (11)
D-[U-14C]Glucose oxidation 2.8 17.1 þ 1.4 (12) 13.6 þ 1.0 (12)
16.7 78.4 þ 5.0 (12) 65.0 þ 7.1 (12)
Acidic [14C]metabolites 2.8 22.9 þ 3.0 (10) 30.6 þ 2.6 (8)
16.7 89.0 þ 7.7 (11) 75.0 þ 7.2 (12)
[14C]Amino acids 2.8 14.3 þ 2.0 (11) 18.5 þ 2.8 (12)
16.7 43.9 þ 2.4 (11) 39.0 þ 2.7 (11)
4 D-[5-3H]Glucose utilization 8.3 163.0 þ 12.9 (15) 128.5 þ 15.5 (18)
D-[U-14C]Glucose oxidation 8.3 71.2 þ 7.9 (18) 43.0 þ 3.3 (18)
Acidic [14C]metabolites 8.3 42.0 þ 4.2 (19) 30.5 þ 3.5 (18)
[14C]Amino acids 8.3 5.3 þ 2.0 (18) 23.6 þ 2.6 (18)
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spectively. In both cases, it was signi¢cantly in-
creased (P6 0.01 or less) when the concentration of
D-glucose was raised to either 8.3 or 16.7 mM. At
these high concentrations of D-glucose, the 14CO2/
3HOH ratio averaged in islets exposed to 5 and
90 mM K, respectively, 122.3 þ 3.9% (n = 34) and
131.7 þ 4.0% (n = 29) of the mean value found within
the same experiment(s) and at the same K concen-
tration in the presence of only 2.8 mM D-glucose. At
the three hexose concentrations used in these experi-
ments, the mean value for the 14CO2/3HOH ratio
was almost always slightly lower at a high than at
a normal K concentration. Pooling all available
data, the ratio recorded in islets exposed to 90 mM
K averaged 91.4 þ 2.0% (n = 57, P6 0.01) of the
mean corresponding value found within the same
series of experiments and at the same concentration
of D-glucose in islets exposed to 5 mM K
(100.0 þ 2.3%, n = 64). Taken as a whole, these data
indicated that the rise in extracellular K concentra-
tion failed to cause any major alteration in both the
ratio between glucose oxidation and utilization and
the preferential stimulation of mitochondrial oxida-
tive events normally observed at high concentrations
of the hexose [15].
3.5. Generation of 14C-labelled acidic metabolites
from D-[U-14C]glucose
Over 120 min incubation in the presence of 90 mM
K, the net production of 14C-labelled acidic metab-
olites from D-[U-14C]glucose (16.7 mM) averaged
66.9 þ 5.4 pmol of glucose equivalent/islet (n = 24).
It represented 81.6 þ 5.9% (n = 24, P6 0.09) of the
mean corresponding value found within the same
series of experiments in the presence of 5 mM K
(100.0 þ 8.5%, n = 24). Likewise, at 8.3 mM D-glu-
cose, the mean generation of radioactive acidic me-
tabolites was somewhat, but not signi¢cantly, lower
at 90 mM K than at 5 mM K (data not shown).
At 2.8 mM D-glucose, however, the opposite situa-
tion prevailed, the production of 14C-labelled acidic
metabolites by islets exposed to 90 mM K averag-
ing 135.8 þ 8.8% (n = 24, P6 0.005) of the mean cor-
responding control value (100.0 þ 8.0%, n = 22). This
indicates that, for this variable, the apparent Km for
D-glucose was also lower at 90 mM K (5.4 mM)
than at 5 mM K (13.9 mM), as illustrated in the
lower left panel of Fig. 1.
3.6. Generation of 14C-labelled amino acids from
D-[U-14C]glucose
After 120 min incubation at 5 mM K, the net
generation of 14C-labelled amino acids from D-
[U-14C]glucose (16.7 mM) averaged 42.5 þ 2.6 pmol
of hexose equivalent/islet (n = 22). It was decreased to
77.6 þ 5.9% (n = 23, P6 0.02) of such a value when
the K concentration was raised to 90 mM. Like-
wise, at 8.3 mM D-glucose, the production of radio-
Fig. 1. Concentration-response relationship for the metabolism
of D-glucose in islets incubated for 120 min at either 5 mM K
(open circles and dotted lines) or 90 mM K (closed circles and
solid line). For each metabolic variable, the results are ex-
pressed relative to the mean value recorded within the same ex-
periments and at the same K concentration in islets exposed
to 16.7 mM D-glucose. Mean values ( þ S.E.M.) refer to 9^24
individual measurements. The inset in each panel represents the
same data in a double reciprocal plot.
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active amino acids was lower (P6 0.01) at 90 mM
than at 5 mM K. At 2.8 mM D-glucose, however,
the measurement of 14C-labelled amino acids yielded
virtually identical mean values at 90 mM K
(16.2 þ 1.7 pmol of D-glucose equivalent/islet, n = 24)
and 5 mM K (14.6 þ 1.1 pmol/islet, n = 23). As illus-
trated in Fig. 1 (lower right panel), these ¢ndings
once again indicate that the apparent Km for D-glu-
cose was about twice lower at 90 mM K (4.5 mM)
than at 5 mM K (8.8 mM).
The 8.3/16.7 mM ratio for the production of ami-
no acids displayed a higher mean value than that
found for the other metabolic variables. Such a ratio
failed to be signi¢cantly a¡ected by the K concen-
tration, whatever the metabolic variable under
consideration. Pooling the results obtained at the
two K concentrations, it averaged 86.5 þ 4.4%
(n = 24) in the case of 14C-labelled amino acids, as
compared to 77.8 þ 3.7% (n = 21) in the case of
D-[U-14C]glucose oxidation, 72.6 þ 4.0% (n = 24) in
the case of D-[5-3H]glucose utilization and
60.6 þ 3.8% (n = 24) in the case of the radioactive
acidic metabolites generated from D-[U-14C]glucose.
The latter percentage was signi¢cantly lower
(P6 0.05 or less) than those found for the other
three variables, whilst that found for the generation
of 14C-labelled amino acids was signi¢cantly higher
(P6 0.025) than the percentage relative to the gen-
eration of 3HOH from D-[5-3H]glucose. Such a hier-
archy is consistent with a preferential stimulation of
oxidative events [15], relative to the anaerobic modal-
ity of glycolysis (comparison between D-[U-14C]-
glucose oxidation versus conversion to acidic metab-
olites) and with the knowledge that the radioactive
amino acids recovered after 120 min incubation cor-
respond to a pool of metabolites rapidly reaching its
close-to-equilibrium value [16] rather than to the
measurement of a metabolic end-product produced
at a close to constant rate during incubation (com-
parison between D-[U-14C]glucose conversion to ami-
no acids and D-[5-3H]glucose utilization).
3.7. Concentration-dependency of the metabolic
response to K+
When islets exposed to 8.3 mM D-glucose were
incubated at increasing concentrations of K (5,
30, 60 and 90 mM), the results recorded at 30 and
60 mM K were not signi¢cantly di¡erent from
those found within the same experiment(s) at 5 mM
K. Pooling all available measurements made for the
four metabolic variables illustrated in Fig. 1, the data
obtained at 30 and 60 mM K averaged, respec-
tively, 93.9 þ 9.9% (n = 72) and 99.2 þ 11.8% (n = 70)
of the mean control value (5 mM K) found within
the same experiments (100.0 þ 7.4%, n = 66). At the
highest concentration of K (90 mM), however, such
a percentage was decreased (P6 0.001) to
69.6 þ 4.0% (n = 72).
3.8. E¡ects of diazoxide
At a low concentration of D-glucose (5.6 mM),
diazoxide (0.25 mM) failed to signi¢cantly a¡ect
the metabolism of the hexose (Table 2). In the pres-
ence of 16.7 mM D-glucose, however, diazoxide,
although failing to signi¢cantly a¡ect the oxidation
of D-[U-14C]glucose and utilization of D-[5-3H]-
glucose, decreased (P6 0.01) the paired ratio be-
tween these two variables. This decrease coincided
with a higher net production (P6 0.01) of 14C-la-
belled amino acids and acidic metabolites from
D-[U-14C]glucose. At the high hexose concentration,
diazoxide thus prevented (Ps 0.15) the preferential
stimulation of mitochondrial oxidative events other-
wise occurring (P6 0.001) in response to the rise in
D-glucose concentration from 5.6 to 16.7 mM.
In islets exposed to diazoxide (0.25 mM) and in-
cubated at a normal extracellular Ca2 concentra-
tion, but high extracellular K concentration
(90.0 mM), the utilization of D-[5-3H]glucose (16.7
mM) was decreased (P6 0.01) to 81.0 þ 3.9%
(n = 16) of the corresponding mean control value
(no diazoxide, Ca2 1.0 mM, K 5.0 mM), as al-
ready observed under the same cationic conditions
in the absence of diazoxide (see above). The oxida-
tion of D-[U-14C]glucose (also 16.7 mM) was not sig-
ni¢cantly a¡ected, however, in the islets exposed to
diazoxide (0.25 mM) and incubated at a normal
Ca2 concentration (1.0 mM) and high K concen-
tration (90.0 mM). In the presence of Ca2, the
paired ratio between D-[U-14C]glucose oxidation
and D-[5-3H]glucose utilization thus failed to be de-
creased by diazoxide when the islets were exposed to
90 mM K, in contrast to the situation found at a
normal extracellular K concentration (Table 2).
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3.9. Combined e¡ects of Ca2+ deprivation and high
extracellular K+ concentrations
The e¡ect of Ca2 deprivation upon D-glucose me-
tabolism was previously investigated in the present
experimental model [17].
When pancreatic islets were exposed to a medium
both deprived of Ca2 (i.e. in the absence of CaCl2
and presence of 0.5 mM EGTA) and containing a
high concentration of K (90 mM), no adverse e¡ect
on D-glucose metabolism was observed at a low con-
centration (5.6 mM) of the hexose, except for a de-
crease (P6 0.005) in the net generation of radioac-
tive acidic metabolites from D-[U-14C]glucose, such a
decrease being compensated by a higher net produc-
tion (P6 0.001) of 14C-labelled amino acids from
the same tracer (Table 2). At a high concentration
of D-glucose (16.7 mM), however, the Ca2 depriva-
tion and high extracellular K concentration inhib-
ited (P6 0.005) both the oxidation of D-[U-14C]-
glucose and its conversion to acidic metabolites.
The paired ratio between D-[U-14C]glucose oxidation
and D-[5-3H]glucose utilization was also decreased
(P6 0.03) and, as a matter of fact, no more di¡erent
(Ps 0.6) from that recorded in the absence of Ca2
and at a high K concentration in islets incubated,
within the same experiments, at 5.6 mM D-glucose
(Tables 2 and 3).
3.10. Combined e¡ects of diazoxide, Ca2+ deprivation
and high extracellular K+ concentrations
In order to duplicate the experimental conditions
recently proposed to study the e¡ect of D-glucose
upon Ca2 £uxes under conditions in which the hex-
ose cannot a¡ect either ATP-sensitive K channels
or Ca2 in£ux into the islet cells [18], the last series
of experiments in this work was conducted in the
presence of diazoxide (0.25 mM) and at a high K
concentration (90.0 mM) in Ca2-deprived islets (i.e.
in the absence of CaCl2 but presence of 0.5 mM
EGTA).
At 5.6 mM D-glucose, the sole signi¢cant change
relative to the control measurements made in a salt-
Table 3
E¡ect of diazoxide, Ca2 deprivation and a high K concentration upon D-glucose metabolism
D-Glucose (mM) 5.6 16.7
Diazoxide (mM) Nil 0.25 Nil 0.25
Ca2 (mM) 1.0 Nil 1.0 Nil
K (mM) 5.0 90.0 5.0 90.0
D-[U-14C]Glucose oxidationa 26.1 þ 2.2 (18) 24.3 þ 1.2 (36) 67.8 þ 3.1 (32) 49.9 þ 2.5 (36)
D-[5-3H]Glucose utilizationa 69.5 þ 4.8 (19) 68.8 þ 4.9 (18) 163.1 þ 8.3 (34) 156.1 þ 8.6 (35)
[14C]Amino acidsa 12.4 þ 0.9 (9) 17.2 þ 1.1 (27) 30.3 þ 1.5 (27) 28.8 þ 2.1 (26)
Acidic [14C]metabolitesa 14.9 þ 2.2 (10) 12.0 þ 1.4 (27) 47.9 þ 5.0 (27) 41.1 þ 5.0 (25)
14CO2/3HOH ratio (%) 35.5 þ 2.3 (17) 35.5 þ 7.2 (18) 44.4 þ 2.5 (30) 36.0 þ 2.7 (35)
aResults expressed as pmol of D-glucose equivalent/islet per 120 min.
Table 2
E¡ect of diazoxide and both Ca2 deprivation and a high K concentration upon D-glucose metabolism
D-Glucose (mM) 5.6 16.7
Diazoxide (mM) Nil 0.25 Nil Nil 0.25 Nil
Ca2 (mM) 1.0 1.0 Nil 1.0 1.0 Nil
K (mM) 5.0 5.0 90.0 5.0 5.0 90.0
D-[U-14C]Glucose oxidationa 25.8 þ 1.2 (24) 25.7 þ 1.4 (24) 21.4 þ 1.3 (24) 75.3 þ 2.0 (23) 70.4 þ 2.1 (23) 65.5 þ 2.2 (23)
D-[5-3H]Glucose utilizationa 73.6 þ 4.5 (24) 71.0 þ 3.8 (24) 77.0 þ 3.9 (24) 182.0 þ 5.8 (23) 185.6 þ 7.2 (23) 172.1 þ 7.4 (23)
[14C]Amino acidsa 16.9 þ 0.9 (23) 18.1 þ 0.9 (24) 23.0 þ 1.3 (24) 37.1 þ 1.4 (24) 45.3 þ 2.6 (24) 36.3 þ 2.2 (24)
Acidic [14C]metabolitesa 17.6 þ 1.4 (24) 17.2 þ 1.2 (23) 11.8 þ 0.9 (24) 35.0 þ 2.9 (24) 47.0 þ 3.3 (24) 25.2 þ 2.3 (24)
14CO2/3HOH ratio (%) 34.4 þ 0.8 (24) 36.5 þ 1.0 (24) 38.2 þ 0.5 (24) 42.1 þ 1.0 (23) 38.4 þ 0.9 (23) 38.7 þ 1.1 (23)
aResults expressed as pmol of D-glucose equivalent/islet per 120 min.
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balanced medium consisted of a signi¢cant increase
(P6 0.025) in the net production of 14C-labelled ami-
no acids from D-[U-14C]glucose, as already observed
either in the presence of diazoxide at normal Ca2
and K concentrations or in the absence of diazoxide
and extracellular Ca2 at a high K concentration.
At 16.7 mM D-glucose, the utilization of D-[5-3H]-
glucose and net generation of 14C-labelled amino
acids and acidic metabolites from D-[U-14C]glucose
were not signi¢cantly a¡ected by the presence of di-
azoxide and EGTA, absence of CaCl2 and increase
in the extracellular K concentration, in fair agree-
ment with the data collected in Ca2-deprived islets
exposed to a high K concentration in the absence of
diazoxide. Once again, however, the oxidation of D-
[U-14C]glucose, whether expressed in absolute terms
or relative to the paired value for D-[5-3H]glucose
utilization, was signi¢cantly lower (P6 0.05 or less)
in the Ca2-deprived islets exposed to diazoxide and
the high K concentration than in islets incubated in
salt-balanced media.
4. Discussion
The present data reveal that a high extracellular
K concentration, associated with an equimolar de-
crease in the extracellular Na concentration, causes
limited but signi¢cant changes in the metabolism of
D-glucose by islets incubated in the presence of ex-
tracellular Ca2. Such changes were only observed at
90 mM K, but not at 30 or 60 mM K. They con-
sisted mainly in two anomalies.
First, the oxidation of D-[U-14C]glucose was de-
creased by about 20% at all concentrations of the
hexose (2.8, 8.3 and 16.7 mM) in islets exposed to
90 mM K. This suggests a decrease in ATP expen-
diture, possibly caused by a decrease in Na in£ux
and, hence, ATP-dependent e¥ux in the depolarized
islet cells exposed to a low extracellular Na con-
centration. It coincided with a minor decrease in
the ratio between D-[U-14C]glucose oxidation and
D-[5-3H]glucose utilization, also observed at all hex-
ose concentrations. The high extracellular K con-
centration did not prevent, however, the increase in
such a ratio normally caused by a rise in the D-glu-
cose concentration from a low and non-insulino-
tropic level (2.8 mM) to higher values (8.3^16.7
mM). Such a preferential stimulation of mitochon-
drial oxidative events relative to the total glycolytic
£ux is currently ascribed to the activation of key
mitochondrial dehydrogenases by either cytosolic or
intramitochondrial Ca2 [15]. Since D-glucose aug-
ments Ca2 in£ux and insulin release in islets ex-
posed to a high concentration of extracellular K
[18], the increase in the 14CO2/3HOH ratio here
found under the same experimental conditions in re-
sponse to a rise in the D-glucose concentration is
probably also attributable to an increase in both
the cytosolic and mitochondrial Ca2 concentration,
leading to activation of such enzymes as FAD-linked
glycerophosphate dehydrogenase, pyruvate dehydro-
genase and 2-ketoglutarate dehydrogenase [15].
Second, in islets exposed to 90 mM K, the
generation of 3HOH from D-[5-3H]glucose and that
of both acidic metabolites and amino acids from
D-[U-14C]glucose were lower than in islets incubated
at 5 mM K, at least at a high hexose concentration
(16.7 mM). Such a decrease faded out at 2.8 mM
D-glucose, in which case the net production of the
acidic metabolites was even higher at 90 mM than
5 mM K. This indicates that the high K concen-
tration lowered the apparent Km for D-glucose but
decreased the maximal velocity of glycolytic £ux
(3HOH production) and the concomitant generation
of 14C-labelled acidic metabolites (e.g. lactic acid)
and amino acids (e.g. alanine). Since D-glucose in-
creases the K content of islets [19], such changes
could conceivably re£ect, in part at least, inhibition
of pyruvate kinase at a higher than optimal cytosolic
K concentration [20], as presumably prevailing in
the islets exposed to a high concentration of D-glu-
cose and a high extracellular concentration of the
monovalent cation.
It is also conceivable that the lowering of the ex-
tracellular Na concentration accompanying the in-
crease in K concentration decreased the cytosolic
pH by inhibiting Na :H exchange. The extracellu-
lar Na concentration was never lower, however,
than 54 mM.
As expected from the activation of ATP-sensitive
K channels and the resulting suppression of the
glucose-induced increase in Ca2 in£ux, diazoxide
lowered the paired ratio between D-[U-14C]glucose
oxidation and D-[5-3H]glucose utilization in islets ex-
posed to a high, but not low, concentration of the
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hexose. This untoward e¡ect of diazoxide was re-
versed at a high extracellular K concentration,
when the in£ux of Ca2 by voltage-sensitive channels
was restored.
A situation comparable to that seen in the pres-
ence of diazoxide prevailed in islets deprived of ex-
tracellular Ca2 but incubated at a high concentra-
tion of K (90 mM), whether in the absence or
presence of diazoxide, the stimulation of Ca2 entry
by D-glucose being now prevented by the absence of
the divalent cation.
In summary, the present data indicate that the
procedures used to investigate the modalities of D-
glucose insulinotropic action independent of its e¡ect
on ATP-sensitive K channels or Ca2 in£ux only
causes modest, albeit signi¢cant, changes in D-glu-
cose metabolism. This information should not be
ignored when assessing the relevance of an increased
generation of high-energy phosphates to the stimula-
tion of insulin release by D-glucose under such exper-
imental conditions.
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